Abstract
Introduction

67
Potato wart is a severe disease of cultivated potatoes, caused by the soil borne obligate biotrophic Potato is host to many pathogens from diverse taxonomical groups, such as oomycetes (e.g.
117
Phytophthora infestans), bacteria (e.g. Ralstonia species), nematodes (e.g. Globodera species), but endobioticum resistance have been identified, and two of these give resistance to pathotype 1(D1)
122
isolates only: Sen1 (27) and Sen1-4 (28) which reside on chromosomes 11 and 4 respectively.
123
Recently, Sen2 and Sen3 were described which give broad resistance to multiple pathotypes, 124 including 1(D1) for Sen2 (29, 30).
126
The recently annotated genomes of the pathotype 1(D1) isolate MB42 (QEAN00000000 v. 
Results
140
Screening for AvrSen1 candidates Out of sequence data generated by Van de Vossenberg et al.
141
(10), fourteen isolates were selected because of their >10 x median sequence coverage and known 142 pathotype identity (Fig. S1 ). The S. endobioticum pathotype 1(D1) isolate MB42 genome contains 143 8,031 protein coding genes of which 477 (5.9 %) were regarded as the MB42 secretome on account of 144 the presence of a signal peptide and absence of transmembrane domains or GPI anchors. Almost 145 two-thirds of the secretome (n =304, 64 %) consists of species specific genes (Table S3) Co-occurrence of AvrSen1 and its variants within S. endobioticum isolates Read mappings 224 generated of several isolates for the identification of the AvrSen1 candidates showed that the AvrSen1 225 locus was polymorphic in some isolates, and low percentages of the AvrSen1 wild-type were present 226 in these isolates. To further quantify the presence of AvrSen1 and its variants within isolates, the gene 227 was PCR amplified from genomic DNA (Fig. 5A, B ) and subjected to PacBio SMRT sequencing which 228 produced 8,793 to 32,336 CCS for the selected isolates (Table S1 ). PacBio CCS reads were 229 generated from a median number of 36 or 37 passages for all isolates included (Fig. S3 ). In pathotype In addition to the reads mapping to the MB42 genomic scaffold containing AvrSen1, low numbers (1 -241 57) of small (95 -640 nt) CCS reads were obtained for the tested isolates. In many cases these small 242 CCS reads could be identified as non-specific amplification of bacteria or potato. However, a particular 243 466 to 470 bp amplicon representing a deletion variant was found to be present in six of the analyzed 244 isolates in 2 to 5 copies per isolate (on average 1.6 in 10,000 reads) (Fig. S4 ). The short sequences 245 resemble the AvrSen1 variant 3 deletion, and were found in both 1(D1) isolates, both 2(G1) isolates, This substitution is positioned on the first base of the third intron and affects the GU dinucleotide of the 260 third exon-intron boundary in the pre-mRNA. The conserved GU dinucleotide is required for correct 261 splicing of the pre-mRNA and the G>A substitution in the pre-mRNA results in a loss of the splice site.
262
As a consequence, a stop codon is introduced on position 94 of the amino acid sequence resulting in 263 a third truncated variant (avrSen1:Asp 94 >stop 94 ); i.e. variant 5 (Fig. 2) or Crinkler motifs which were also found identified in the amphibian decline chytrid B. dendrobatidis 287 (34)), were not pursued in our approach.
289
Only five candidates were obtained from the presence/absence analysis, of which only one was 290 predicted to be secreted. Manual verification showed that the gene models of the other candidates 291 were correct and that these indeed did not belong to the secretome. Otherwise, manual verification 292 was found to be essential to assess the reliability of read-mapping and the resulting variant calling.
293
Also, the significance of the dN changes were manually assessed with conservative dN changes, 294 resulting in an amino acids with the same characteristics (e.g. Alanine to Valine), being regarded as 295 insignificant as their influence to the tertiary structure of the protein was believed to be minimal.
296
Notably, all single nucleotide polymorphisms observed in the AvrSen1 gene of non-pathotype 1(D1) 297 isolates led to the introduction of a stop codon resulting in a truncated gene model. 
AvrSen1
As the interaction between S. endobioticum and its host is specific, the AvrSen1 gene was 306 hypothesized to be present in the species specific secretome. Indeed the identified AvrSen1 gene had 307 no orthologs in the closely relate species S. microbalum which has a non-pathogenic saprobic lifestyle. that the truncated gene model is expressed (Fig. S6) . Being a single copy ortholog in both S. We previously observed that pathotypes 2(G1) and 6(O1) isolates that produced the same phenotype 415 were present in different mitochondrial haplogroups (10), and concluded that these phenotypes could (Fig. 4) (Fig. S1 ). Sequence reads were mapped (length fraction: 0.8, similarity fraction: 0.9) to the S. with no coverage were determined. Genes with less than 90% coverage in an isolate were regarded to 448 be putatively structurally absent. Genes present in pathotype 1(D1) isolates, but absent in higher 449 pathotypes were regarded as candidate AvrSen1 genes. eight tubers respectively, were tested for pathotype 1(D1) resistance using the Glynne-Lemmerzahl Primers were designed allowing generic amplification of the AvrSen1 locus (Fig. S2) . Amplification of 
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